Summary -CFMF of Grana cheese whey, using a 0.8-!1m nominal pore size alumina membrane, reduced bacterial population by an average value of 4.6 decimal reductions. The bacterial count of MF whey always ranged between 0-1.9 log CFU ml-1 and was not proportional to the population of the relevant feed. The 0.8-!1m membrane, when utilised under the technological conditions of this study, retained the natural Grana whey microflora alrnost completely. No significant protein retention was observed. The permeation fluxes of skim whey were > 600 1 h-1 rrr2 even after 4.5 h of filtration. CFMF of raw whey showed a decrease in permeation fluxes to '" 70% compared to the skim whey. The use of membranes of 0.1 or 0.45 urn nominal pore size, although presenting a similar microbial removal efficiency, resulted in a higher protein retention and lower permeation fluxes. The current interest in the recovery of heat-sensitive whey proteins may increase the use of CFMF technology for the microbiological stabilization of whey as an alternative to the pasteurization process. 
Note

INTRODUCTION
The microbiological stabilization of whey, the first step in whey compone nt recovery, is usually carried out by pasteurization; however, since this treatment has a denaturing effect on the structure of whey proteins (de Wit, 1981; de Wit and Klarenbeek, 1984; Morr, 1987) , it may be not compatible with production objectives conceming fractionation and recovery of heat sensitive or native whey proteins.
The microbiological stabilization by cross flow microfiltration (CFMF) is one of the alternatives to pasteurization with respect to both microbial reduction and production capacity (Merin et al, 1983; Merin, 1986; Merin and Daufin, 1990) : the efficiency of bacterial removal seems to be a function of the membrane pore size, the type of CFMF plant and the different bacterial species present in dairy liquids Diesen and Jensen, 1989; Trouvé et al, 1991; Pedersen, 1991) . It has also been observed that microfiltered (MF) whey improves permeation fluxes in successive ultrafiltration (UF) steps (Merin et al, 1983) .
CFMF combined with thermocalcic aggregation has been proposed as a step to remove phospholipoprotein aggregates, as it has been postulated that they are an important part of the polarization layer (Fauquant et al, 1985) and one of the factors that contribute to limit UF fluxes (Maubois, 1984) . Moreover, phospholipids may be an interesting product (Baumy et al, 1990) and their removal from whey would irnprove the purity of whey protein concentrates .
The aim of this work was to test some membranes in view of the application of CFMF process to the microbial stabilization of whey.
MATERIALS AND METHODS
Whey from Grana cheesemaking, produced at the ILC dairy (Lodi, Italy), was used. For sorne experiments, the whey was skimmed at the dairy with a centrifugai separator (Model CA 40-Frau, Vicenza, ltaly) at 50 oC.
Fifteen Iiters of whey were used for each CFMF experiment, carried out in collaboration with the Hydro Air Research Company (Zerbo di Opera, Milan, ltaly) which supplied a laboratory pilot plant with the following characteristics: 20 1 batch running by a thermostated feedlproduct recycling tank, feedlrecycling lobe pump with mechanical variator (Johnson Pump, Sweden); temperature and pressure gauges; filtering surface area of 0.0165 m2.
Three oe alumina membranes TI 70 (Membralox, SCT, Tarbes, France) of nominal pore size 0.1, 0.45 and 0.8 l!m were used. The permeation flux was measured using a stop watch and a calibrated f1ask(100 ml).
The following CFMF conditions were used: tangential flow velocity, 6.5 m.s-1; inlet and outlet pressure, 2.8 and 2.2 bar; operating temperature, 40-42 oC for the trials with skim whey and raw whey A, and 48 oC for the experiment with raw whey B. The microfiltered permeate and the retentate were recycled in a constant concentration mode in the feed tank.
Protein content was determined by the Kjeldahl method and by HPLC (Resmini et al, 1989) . Fat content was measured by the Gerber method using Siegfeld butyrometers (Dr Gerber, Zurich, Switzerland) with 0.01% division.
The ouUet line of the permeate was sanitized by recirculating H 2 0 2 , but not steam-sterilized before collecting the MF whey.
The total bacterial count (TBC) and eumycetic flora were tested: the former in plate count agar by incubation at 32 oC for 72 h and the latter in oxytetracycline-glucose agar by incubation at 25 oC for 5 d..
The microbial removal efficiency (E) was evaluated as decimal reductions using the following formula (Trouvé et al, 1991) : log CFU ml-1 whey -log CFU ml-1 microfiltered whey = E.
EXPERIMENTAL RESULTS AND DISCUSSION
Selecting the membrane pore size
The use of membranes with 0.1 and 0.45 urn pore size with conventional CFMF equipment resulted in a high protein retention rate after 30 min; this was probably due to membrane fouling (Vetier et al, 1986; Merin and Daufin, 1990; Daufin et al, 1991) . Daufin et al (1991) showed a decrease in the nitrogen matter in MF whey obtained with a membrane of 0.2 um pore size, and noted that 30% of a-Iactalbumin and 13-lactoglobulin were retained. Overall, concomitant low permeation flux values were obtained, in the range of 200-120 I.h-l• m-2• However, such values are similar to those described for 0.25-~m pore size membranes by Maubois et al (1987) . Tests showed that these pore size membranes were not useful for whey pretreatment with the CFMF equipment utilized, although they had a microbial removal efficiency of > 4.5.
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The 0.8-~m pore size membrane did not show significant protein retention after 4.5 h filtration (table 1), as also confirmed by HPLC analysis of individual whey proteins. ln figure 1 only 2 plots were reported, the others being similar. These results disagree with the findings of Merin et al (1983) , obtained with an organic membrane of the same pore size, which resulted in 15 ± 5% protein retention. The suitability of a 0.8-~m membrane for whey CFMF has also been claimed by Pearce et al (1991) .
CFMF of raw whey resulted in a decrease of permeation flux values of = 70% as compared to the skim whey (fig 2) . CFMF of raw or centrifuged whey produced MF whey with < 0.01% residual fat.
CFMF efficiency on microbial removal
The microbial removal efficiency E obtained with the 0.8 urn membrane ranged between 4.0-5.5 for each sample (n = 22), with an average value of 4.6 (table Il). The bacterial count of MF whey, determined Table 1 . Protein and fat content of whey (w) and microfiltered whey (M).
Teneur en protéines et matière grass de lactosérum (w) et de microfiltrat de lactosérum (M).
Skim wheyA
Skim wheyB RawwheyA RawwheyB ---*---skim whey).
Débits de perméation de lactosérum cru et écré-mé par microfiltration tangentielle. (---+--lactosérum non écrémé; ---*--Iactosérum écrémé).
during and at the end of the process, always ranged between 0.0-1.9 log CFU ml-l ; similar values have been previously reported by Merin et al (1983) .
The MF whey count was not proportional to the bacterial count of the relevant feed. In fact, during filtration the bacterial count increased significantly in the retentate; the Evalue, calculated as log CFU ml-l retentate -log CFU ml-l relevant permeate ranged between 4.46--B.19 with an average value of 5.50 (table Il) : it should, however, be noted that in our experiments both liquids were recycled.
No eumycetic flora was detected in MF whey, while in the whey it varied from 2-3.52 log CFU ml-l .
These result showed that the Evalue was affected by the feed count, -and that the alumina 0.8-llm pore size membrane almost completely retains the natural Grana whey microflora, mostly composed of Lactobacillus helveticus and other thermophilic lactic acid rod bacteria (Bottazzi et al, 1977) ; the dimensions of such microorganisms reported in Bergey's Manual were 0.5-0.9 urn thick by 2-9 urn in length.
It should be emphasized that small differences in pore size are fundamental for filtration efficiency. Merin et al (1983) using a t.z-urn membrane measured 5-10-fold higher MF whey counts than those determined using a 0.8-llm membrane. Trouvé et al (1991) , using CFMF equipment with a uniform transmembrane pressure system and a 1.4-llm membrane, microfiltered selected cultures of L helveticus added to milk microfiltrate, whose biochemical composition is claimed to be similar to that of whey. (Fauquant et al, 1988) . Theauthors achieved an E value of 2.73, independent of the initial lever of the bacterial population; the calculated Evalue increased to 3.63 when they microfiltered the same culture added to skim milk. This was in agreement with the data of Diesen and Jensen (1989) . The different Evalues obtained by microfiltration of the same microbial cells added to milk microfiltrate and skim milk are probably due to the different fouling of 4.46 1 E1 = log CFU ml-1 whey -log CFU ml-1 microfiltered whey; E2 = log CFU ml-1 retentate -log CFU ml-1 microfiltered whey.
membranes issued from the 2 fluids: Madec et al (1992) hypothesized that premicrofiltration of milk with a 1.4-llm pore size membrane reduced the milk components involved in the fouling of the 1.4-llm alumina membrane. Membrane transfer of microbial ceUs during subsequent MF would therefore be easier as a consequence of reduced fouling. Piot et al (1987) , using a t.a-um membrane reduced the total microflora of raw milk by 2 orders of magnitude.
